Zhou and Li (1) describe a classic phenomenon in microbiology in which the genotypes of bacteria rapidly evolve to optimize growth under selective conditions. In the original paper describing the fast-growing cyanobacterium Synechococcus elongatus UTEX 2973, Yu et al. (2) described the genome sequence that defines the strain. Since 2015, several colleagues who obtained the strain directly from the original Pakrasi laboratory stock successfully replicated the 2-h doubling time of the strain. Seemingly, specific loci affecting growth rate and light tolerance rapidly interconvert between alternative haplotypes based on the growth conditions. This is confirmed by the sequencing results of Zhou and Li (1) who report that the sample in their laboratory has mutated toward the Synechococcus 7942 haplotype via SNP conversion. In fact, this is similar to the HL-1 strain of Synechococcus 7942, which they describe as a mutant strain.
Both Zhou and Li (1) and Lou et al. (3) report that Synechococcus 7942-C252Y grows similarly to the sample of Synechococcus 2973 obtained from UTEX. However, neither group reports specific growth rates or doubling times for direct comparison. Furthermore, Lou et al. (3) reported that the atpA SNP imparts only light tolerance similar to that of Synechococcus 2973, not growth rate. In the course of our work (4), we regularly verify the complement of SNPs in both wild types and mutants thereof. Moreover, we make reciprocal mutations that demonstrate that removal of individual SNPs decreases the growth rate of Synechococcus 2973, while adding any individual SNP increases the growth rate of Synechococcus 7942 (4).
Considering the sequencing results reported by Zhou and Li (1), we find their report and that of Lou et al. (3) to be consistent with our original work (4). Zhou and Li report that the Synechococcus 2973 haplotype (obtained from UTEX) lacks the atpA SNP, whereas the premise of Lou et al.'s. report is that Synechococcus 7942 with only the atpA SNP grows at the same rate as the Synechococcus 2973 strain. In our work, we show that Synechococcus 2973 with the atpA SNP removed does grow at the same rate as Synechococcus 7942 with only the atpA SNP included ( figure 1 of ref. 4) . Sequencing results by Zhou and Li show that Synechococcus 2973 in their laboratory has reverted the atpA SNP; thus, as our data show, it grows at the same rate as Synechococcus 7942-C252Y.
Both groups (1, 3) argue that their strains grow similarly to Synechococcus 2973; however, neither report specific growth rates nor compare their data against a positive control (i.e., haplotype with all three relevant SNPs). The discrepancy reported by Zhou and Li (1) (2) gives an answer. The authors investigate the molecular determinants accounting for the rapid growth of Synechococcus 2973. They believe that the rapid growth of Synechococcus 2973 is decided by four SNPs in three proteins, namely C252Y in AtpA, E260D in Ppnk, and Q121R/E134K in RpaA.
In a separate study, Lou et al. (3) Is one mutation (C252Y in AtpA) sufficient to create a cyanobacterium mutant growing as fast as Synechococcus 2973? With this question, we sequenced (according to ref. 2) the genes atpA, ppnK, and rpaA in Synechococcus 2973 and Synechococcus 7942 HL stored in our laboratory (designated S. 2973-1 and S. 7942 HL-1, respectively). Synechococcus 2973 was purchased from the Culture Collection of Algae at the University of Texas at Austin, and Synechococcus 7942 HL was gift from Xuefeng Lu, Chinese Academy of Sciences, Qingdao, China (3). Both cyanobacteria strains were grown under a high light intensity of 500 μE or 800 μE, at 38°C, with 5% CO 2 . Two independent experiments and sequencing were performed.
To our great surprise, no SNP was found in the atpA gene, in either S. 2973-1 or S. 7942 HL-1. E260D in Ppnk and Q121R/E134K in RpaA were found in S. 2973-1, which is consistent with what Ungerer et al. (2) describe for Synechococcus 2973, while Q121R in RpaA was found in S. 7942 HL-1. This SNP is described in Synechococcus 2973 (2), but not in Synechococcus 7942 HL (3).
In our laboratory, S. 7942 HL-1 grows as fast as S. 2973-1 under a high light intensity of 500 μE or 800 μE, at 38°C, with 5% CO 2 . However, the SNPs detected were inconsistent with the published data (2, 3). Our results suggest that the SNPs, which were thought to determine the rapid growth of cyanobacteria, are alterable.
Thus, we argue that the relationship between SNPs and the rapid growth requires further investigation. Perhaps an integrated analysis incorporating SNPs with data from the genome-scale fluxome (4) and transcriptome (5) of Synechococcus 2973 would help gain further insight into the molecular mechanism underpinning the rapid growth of Synechococcus 2973.
